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Alerting Abstract EP Al 

A wire for a Nb3X superconducting wire is formed by superposing and winding up a pure Nb or Nb 
alloy sheet (16) and a metal X sheet (17) or X alloy which reacts with Nb to form a superconducting 
alloy; the interface between the sheets is densely zigzagged to increase the contact area. Also claimed 
are (I) a wire as above for a multifilament superconducting wire formed by embedding a number of 
filament wires in a matrix; (ii) a wire as in the first claim above formed by heat treating the wound 
sheets; (iii) a multifilament wire as above formed by heat treating; (iv) a method of preparing the 
wire above comprising heat treating the Nb sheet, winding up with the X metal sheet, and working to 
reduce the wires sectional area; (v) a method as above, followed by bonding many such worked , 



wires, charging in a cylinder and further working to reduce sectional area; (vi) a method as above in 
which the multifilamentary wire is heat treated while being worked. 

X is Al, Sn or Ge, and Nb is at least 99% pure. Heat treating the Nb sheet is sufficient to adjust the 
crystal structure and irregularities crystal orientation, and is at 700-1 100 deg.C for 1-10 hrs. 
USE/ADVANTAGE - For high magnetic field superconducting materials for nuclear fusion reactors, 
power storage, etc. The densely zigzagged interface gives increased formation of Nb3X and thus 
higher critical current density, without increasing the amt. of working needed. 

Title Terms /Index Terms/Additional Words: NIOBIUM; SUPERCONDUCTING; FILAMENT; 
WIRE; PREPARATION; COMPRISE; WIND; METAL; SHEET; DENSE; ZIGZAG; ROLL; 
INCREASE; CONTACT; AREA; HIGH; CRITICAL; CURRENT; DENSITY 

Class Codes 



International Patent Classification 



IPC 


Class Level 


Scope 


Position 


Status 


Version Date 


H01L-039/24 






Main 




"Version 7" 


C22F-0001/00 


A 




F 


R 


20060101 


H01B-0012/10 


A 




L 


R 


20060101 


HO 1B-00 13/00 


A 




L 


R 


20060101 


H01L-0039/24 


A 






R 


20060101 


C22F-0001/00 


C 




F 


R 


20060101 


H01B-0012/10 


C 


I 


L 


R 


20060101 


HO 1B-00 13/00 


c 


I 


L 


R 


20060101 


H01L-0039/24 


c 


I 




R 


20060101 



File Segment: CPI; EPI 
DWPI Class: L03;X12 

Manual Codes (EPI/S-X): X12-D06A; X12-D06A1; X12-D06B1 
Manual Codes (CPI/A-N): L03-A01C 



RU0Q2 122758 [file //\\caiax02\fjrmdata\IP\FoleyPat\PafentDocuments\RU002122758.cpc] 




(19) RU (11) 



2 122 758 ( 3) C1 

H 01 B 12/00 



(51) MflK 6 



POCCWtfCKOE ArEHTCTBO 
no nATEHTAM M TOBAPHbIM 3HAKAM 



< 12 > OnMCAHME H3QBPETEHI/1fl K nATEHTY POCCHHCKOl/l OEflEPAU HH 



ro 

-si 

oi 

00 



(21), (22)3aflBKa: 94002998/09, 01.02.1994 

(30) HpHopHTeT: 02.02.1993 JP 5-15404 

(46) flaTa ny6nuKaLjnu: 27.1 1 .1998 

(56) CcbiriKu: EP, naTeHTHbifi N 0440799, icn. H 01 B 
12/10, 1991. Sumitome. Denki. N 139, 
September 1991, pp/93-100. 



(71) 3asBHTe/ib: 

Cy mm to mo 3neKTpMK HHAacrpM3, JVta. (JP) 

(72) M3o6peTaTenb: KDhtm ^Ma^a (JP), 
HaoKM Avian (JP) 

(73) naTeHToo6/iaflaTenb: 

CyMMTOMO 3neicrpMK MHflacrpM3, JIta. (JP) 



(54) nPOBOJlOKA AJl^ NB 3 X CBEPXriPOBOflfllUErO nPOBOAA H CnOCOB EE nOJlYHEHHfl 



(57) PecfeepaT: 

M3o6peTeHne othocwtch k 
CBepxnpoBOAHUKaM. ComacHO M3o6peTeHHK) 
npoBonoKa Ana Nb 3X cBepx n pobo ah im© ro 
npOBOfla, coAep>KMT CTa6nnM3npyioinyK) 
MaTpni^y c BHeApeHHbiMu b Hee 
cBepxnpOBOA«iMMMn npoBonoMHbiMH >KnnaMn, 
Ka>KAan us KOTopbix BbinoriHeHa us MeAHoro 
npyTKa, cnoucTofl nacTn, ccpopMnpoBaHHoR H3 

AByX J1MCTOB, nepBblW H3 KOTOpbJX BbinOflHeH H3 

MMCToro HHno6nn hjim era cnnaBa, m BTopofl - 
M3 MeTanna mjim cruiaBa coAepwainHX, aTOMbi X, 
KOTopbie BCTynaK>T bo BsanMOAeRcTBue c 
Hno6neM c oopasoBaHneM CBepxnpoBOAflinero 
coeAHHeHMfl, npuneM Meway MeAHbiM npyTKOM n 
cnoncToK MacTbio n noBepx Hee pacnonoweHbf 
CflOM, c<$3opMMpoBaHHbie yKa3aHHbiM jimctom 
hmo6hh mjim ero cnnaBa, m conpuKacaioLi^Mecn 

nOBepXHOCTH AByX J1MCTOB M HH06neBOI"0 JIMCTa 

m MeAHoro npyTKa BbinonHeHbi 
3kir3aroo6pa3HbiMn Ann yBenMMeHwa nnomaAU 
KOHTaiaa Me>Kfly hmmh; cnoco6 nonyneHnw 
npoBO/ioKM Ana Nb 3X CBepxnpoBOAflinero 
npoBOAa, npn kotodom coBMemaioT jimct H3 

MMCTOrO HU06ttfl MflU CnjiaBa HM06Mfl CO BTOpbIM 

nucTOM H3 MeTaxi/ia wnw cnnaBa, coAepwaiUMx 
aTOMbi X, KOTopbie BCTynawDT bo 
B3anMOAeWcTBne c Hno6neM c o6pa30BaHueM 



CBepxnpoBOA«iMero coeAHHeHun, nonyneHHyio 
3aroTOBKy HaMaTbiBajoT Ha MeAHbifl npyTOK, 
nocne Mero npon3BOAflT o6paooTKy npoBO/iOKM 
Ann yMeHbtueHUfl nnoujaAH ee nonepenHoro 
ceMenun, npn stom ao coBMetueHHH jiuctob nucT 
M3 Hno6nq wirin ero cnnaBa TepMoo6pa6aTbiBaioT 
npn TeMnepaType w b TeneHne BpeMeHM, 
AocTaTOMHbix An« nepecTpoeHMfl 
Kpi^CTannnnecKOM CTpyiaypbi n 

pa3ynop»AOMMBaHMfl opneHTai4UM KpHCTannpB 
hmo6m«, a npn coBMemeHMn AByx nucTOB 
KOHLjeBbie ynacTKM nMCTa us hho6ma unn cnnaBa 
hmo6hh ocTaBnnioT c bo6o ah bi m m ot BToporo 
nucTa Anfl nonyneHHH cnoes oapbepa 
AH<$<$)y3HH. CBepxnpOBOA«L4nC^ npoBOA Ha 
ocHOBe 3aflaneHHofl npOBonoKH o6naAaeT 

BblCOKOfl KpMTHMeCKOfl nnOTHOCTbK5 TOKa. 2 c. M 

3 3.n. 4>-nbi., 13 nn., 1 Taon. 
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(54) WIRE FOR NB3X SUPERCONDUCTOR AND METHOD FOR ITS MANUFACTURING 



(57) Abstract: 

FIELD: superconductors. SUBSTANCE: 
device has stabilizing matrix, which 
includes superconducting wires, each of 
which is made from copper rod, filament 
which consists of two tapes, first of which 
is made from pure niobium or its alloy; 
second tape is made from metal or alloy 
having atoms of X which interact with 
niobium providing superconducting 

composition. In addition layers which are 
formed by niobium tape or its alloy are 
located between copper rod and filament and 
touching surfaces of two tapes and niobium 
tape and copper rod article is zigzag-shaped 
in order to increase contact area. 
Corresponding method involves joining tape 
made from pure niobium or niobium alloy to 
second tape which is made from metal or 
alloy having atoms of X which interact with 
niobium providing superconducting 

composition; coiling said article over 



copper rod, processing wire in order to 
decrease its section area. Prior to joining 
tape made from pure niobium or niobium 
alloy, it is processed by temperature for 
sufficient period which allows restructuring 
of crystal structure and niobium crystal 
lattice disordering. When two tapes are 
joined, ends of tape made from pure niobium 
or niobium alloy are left free from second 
tape in order to provide diffusion barrier 
layers. EFFECT: increased critical current 
density. 5cl, 13 dwg, 1 tbl, 6 ex 
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Haeroninee n3o6peTeHne OTHocHTcn k 
npOBonoKe Ann Nb 3X CBepxnpoBOAnmero 
npoeoAa n cnoco6y ee nonyneHHn, a conee 

KOHKpeTHO, OHO OTHOCMTCfl K npOBOnOKO ATI* 

Nb 3X CBepxnpoBOA^iMero nposofla, KOTOpan 
npMMeHneTcn b KanecTBe csepxnpoBOAnmnx 
MaiepnanoB 6onbiunx MamnTHbix nonefl, 
HanpMMep, 3neKTpoMamnTOB co 

CBepxnpoBOAnmefl o6motkoA Ann 
repMOHflepHbix peaKTopoB mjim T.n., n cnocooa 
ee nonyneHHn. 

06bWH0 Nb3X CBepxnposoA«i^M« MaTepnan, 
HanpuMep, Nb3Sn, Nb3Ge una Nb3AI, 
npeAnonaraeTcn ncnonb30BaTb b KanecTBe 
CBepxnpOBOA«i^ero MaTepMana, nocKo/ibKy oh 
npuroAeH Ann cosAaHwn 6"onbwnx iwamnTHbix 
nonefl, Ann kotopwx caepxnpoBOAnmnR 
MaTepnan Ha ocHOBe cnnaBa NbTi He MOxeT 

OblTb npM3H3H yAOBJieTBOpH Ten bHblM. B 

HacTHOCTM, cBepxnpoBOAnmnfl MaTepnan Nb3AI 
npeAoraBnneTcn npneM/ieMbiw 
CBepxnpoBOAfliMuM MaTepnanoM Ann 
TepMO^AepHoro peaiaopa, KOTopbifi nonynaeT 
6onbtuyK) Hanpq>KeHHocTb MamyiTHoro nonn b 
6onbiuoM MamnTHOM none, nnn 
CBepxnpoBOA^iMUM MaTepnanoM Ann 
HaKonneHnq 3Heprun, BcneACTBi/ie conbiuoro 
KpnTHMecKoro TOKa u npeBocxoAHoro scJxfceicTa 
HanpnweHwe - AetfcopMaijMfl b 6onbiLinx 
MamnTHwx nonnx. 

KaK npaBuno, CBepxnpoBOAnmwfi MaTepnan 
Nb^X, KOTopbif* oSnaAaeT KpaflHe BbicoKOfl 
TBepAOCTbK) u xpynKOCTbio no cpaBHeHwo c 
MaTepnanoM CBepxnpoBOAnmero cnnaBa, 
HanpuMep, NbTi, TpyAHO o6pa6aTbiBaeTcn c 
noMOLUbK) nnacTMHecKofl AecjiopMaijHw. Tskum 
o6pa30M, 6wnn npoBeAeHbi pa3nnHHbie 
MCcneAOBaHMfl cnocooa nonyneHMfl Nb 3X 
CBepxnpoBOAfliMero MaTepnana. 

Our. 12 - AnarpaMMa cocTonHMfi GnHapHoro 
cnnaBa Nb-AI. 

M3 cf)nr. 12 cneAyeT, hto Nb3AI CTa6nnbHo 
cymecTByeT npn BbicoKofi TeMnepaType no 
MeHbiueR Mepe 1600°C co cTexnoMeTpuMecKUM 
OTHOiueHneM Nb k Al paBHbiM 3: 1 . OAHaxo npn 
reivinepaType HHace 1600°C Nb3AI o6pa3yeTcn 
b cm ecu c Nb 2 AI, KOTopwfi nBnneTcn 
HecBepxnpoBOAHUJHM MaTepnanoM. 
CneAOBaTenbHO, CBepxnpoBOAnmufl MaTepuan 
coeAHHeHwa Nb 3AI, KOTopwfl nonynaioT npn 
HH3KOH TeMnepaType MeHee 1600°C, MMeeT 
o6b)MHO Husxyio KpnTMHecKyfo TeMnepaTypy, 
HH3Koe KpnTMHecKoe MamMTHoe none (He) m 

HM3KyjO KpMTHHeCKyiO nnOTHOCTb TOKa (Jc). 

TaKMM o6pa30M, b npaKTMKe He 6bino cnocooa 
nonyneHUfl CBepxnpoBOAnmero MaTepnana 
Nb 3AI, xoTn Manynancn cnoco6 pe3Koro 
oxna>KfleHHfl MaTepnana c BwcoKofl 
TeMnepaTypw no MeHbiuefl Mepe 1600°C b 
TeneHne KopoTKoro BpeMeHi/i nnvi T.n. 

Oah3ko, HeAaBHO 6bino npu3HaHO, hto 
npeBoexoAHoe coeAMHeHwe Nb3AI o6pa3yeTcn 

B HaCTH, MMeiOU^e^ KOpOTKyK) AH4)(J>y3HOHHyK) 

AnnHy aTOMOB Al b cnoe Nb n/wnn nacTM, 
nMejomeW KopoTKyio AH<W>y3woHHyio AnMHy 
aTOMOB Nb b cnoe Al, Aawe eonn TeMnepaTypa 
He npeBbiiuaeT 1000°C. B pe3ynbTaTe 3Toro 
6binn pa3paooTaHbi cnocoCbi npon3BOACTsa , 
HanpuMep, nopoujKOBOM MeTaxinyprnn (PM), 
cnoco6 Tpy6KM, o6pa6oTKH KOMnosnTHoro 
MaTepnana, HanpuMep, 3KCTpy3n« 
nnaKupoBaHHbix nacTML^, m cnoco6 MnrKOTenoro 
pynoHa. KawbiPi M3 otmx cnocoooB 
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npncnoco6neH Ann cMeiunBaHMfl muctoto Nb 
unw MaTepnana, coAep>KaLMero Nb, c hmctum Al 
nnn MaTepnanoM, coAep)Kai4MM Al, b oneHb 

TOHKOM COCTOflHUM, H M0)KeT yBenMHMTb 

ynoMHHyTyio Bbiiue nacTb, MMeiomyio KopoTKyio 
An4)cf»y3MOHHyio AriHHy. CneAOBaTenbHO, b 

COOTBeTCTBHH C TaKMM CnOCOOOM B03MO)KHO 

nonynnTb cBepxnpoBOAflLHH^ MaTepnan Nb 3AI 
c BbicoKMMn xapaKTepucTuxaMM, HMeiOlUMfl 
CTexnoMeTpuHecKoe oTHoiueHne Nb k Al 
kom n 03 n 141/1 m 6nn3Koe k 3:1, BbicoKyio 
KpMTHHecKyio TeMnepaTypy, BbicoKoe 
KpMTMHecKoe MarHMTHoe none (He) m Bbicoicyio 

KpM TMH 6C KylO nnOTHOCTb TOKa (Jc). 

CpeAH BbiiueynoMflHyTbJX cnocoSoB 
nonyneHHfl, c noMoa^bio cnoco6a MnrKOTenoro 
pynoHa, KOTopbiW ABnneTcn npoTOTMnoM 

H3CT051 meMy H306peTeHMK), MO>KHO BbirOAHO 

nonynaTb CBepxnpoBOAni^nR npoBOA, MMejotnnfl 
MHoroKunbHyjo CTpyKTypy, coAep)Kai4yio 
cTa6nnki3upytomnfl MaTepnan, m npocTO 
nonynaTb AfiMHHbifi MaTepwan. TaKMM 06pa3OM, 
3tot cnocoo" «Bn«eTcn caMbiM npaKTHHHbiM 
cnoco6oM nonyneHMfl Nb^ csepxnpoBOAfltnero 
npoBOAa. 

flanee cnocoo" MarKOTenoro pynoHa 
onucbiBaeTcn co ccbinKofl Ha <pur. 13. 

Ha (fcw\ 13 npuBeAeHa npuHqMnnanbHafl 
TexHonornnecKan cxeMa nonyHeHun Nb 3X 
CBepxnpoBOAnu^ero MHorownnbHoro npoBOAa b 
coot BeTCTB m m co cnocoGoM MnrKOTenoro 
pynoHa. 

M3 cpur. 13 cneAyeT, mto CHanana c 
noMou^bJo npoueccoB nnaBneHMn m npOKaTKM 
nonynaioT nucT Nb bucokoA mmctotw m nMCT Al 
BbicoKofl HucTOTbi. 3aTeM Ann nonyneHMn 
npoBOAa (MjirKOTenoro pynoHa) nucT Nb n nucT 
Al HaioiaAbiBaK)T Apyr Ha APyra v\ HaMaTbiBaK)T 
Ha MeAHbifl npyTOK, He coAepMainnW okhcjiob. 
nocne 3Toro npoBOA ycTaHasnnBatoT b mo Any 10 
Tpy6«y, He coAep>i®LMyio oKHcnoB, BbiT^rviBaKJT b 
npoBOA reKcaroHanbHoro nonepeHHoro ceneHMR 
m 33T8M HapesawT Ann nonyneHMn 
reKcaroHanbHbix oTpesKOB 109 Tpe6yeMofi 
AnnHbi. 3aT6M mhokoctbom TaKnx 
reKcaroHanbHbix OTpe3KOB 109 3anonH«ioT 
MeAHyio Tpy6Ky Ann nonyneHMn saroTOBKVi, 
KOTopan, b cboio onepeAb, repMeTH3npyeTcn b 
saKyyMe c noMoujbto sneicrpoHHO-nyHeBOfl 
csapKM m noABepraeTcn 3KCTpy3nn. nocne SToro 
ccf)opMMpOBaHHyio MHoroxunbHyio npoBonoKy 
BbiTnrnBatoT m CKpymi BaioT, cfcopMyioT, cBUBawT 
M npM Heo6XOAMMOCTM HaHocnT M3onni^Mfo, 
CMaTbiBatOT b 6yHT m nocne 3Toro noABepraioT 
TepMnnecKoCI o6pa6oTKe Ann o6pa30BaHnn 
CBepxnpoBOAnmeft 0asbi (cTpyicrypbi A15 
coeAHHeHun Nb 3AI). Bonee noApo6HO 
BbiujeynoMnHyTbifl cnoco6 MnrKOTenoro pynoHa 
onncbiaaeTcn b Sumitomo. Denki, N 139. 
September 1991. pp. 93 - 100. 

Ann o6pa30BaHnn c noMoinbio 3Toro 
cnoco6a MnrKOTenoro pynoHa coeA^HeHun 
Nb 3X, MMefou^ero npeeocxoAHyjo 

CBepxnpOBOAMMOCTb, Heo6XOAMMO 
MaKCMMM3HpOBaTb KOnMH6CTBO o6pa6oTKM, 

HanpuMep. BononeHun, Ann yMeHbiueHMn 
nnomaAH nonepeMHoro ceneHun n yMeHbiueHMn 
TonmHHbi nepBoro m BToporo nMCTa Ann 
yBennMeHMn BenuMMHbi BbtiueynoMnHyTo^ HacTn, 
HMeioinefi KopoTKyjo AH45*y3MOHHyK) AnnHy. 

OAHaKO KorAa nnou^aAb nonepeMHoro 
ceneHun npoBonoKM yMeHbiuaioT c noMou^bK) 
BononeHun nnn T.n., npOBonoKa h eoAH opoah o 
Aec^opMnpyeTcn acneACTBue pa3nnMnn 
npOMHOCTM Ha pa3pbis (N/KBaApaTHbifl 
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MMn/iMMeTp), nnacTMHHOCTM, yAapHoW Bn3KOCTM, 
xpynKOCTH \a AecJ)opMaiAMOHHoro ynpoMHeHna 
Me>KAy nepBbJM jiuctom, BTopbiM nucTOM \a 
MeflHoR MaTpMi^eW, KOTopan ncnojib3yeTCfl b 
KanecTBe CTa6nnM3MpyK)inero MaTepna/ia, hto 
npuBOAHT k noapewAeHHto kiriki paspbiBy. 

flpyrnMH anoBaMM, o6biMHbJfl cnocoo" 
MflrKOTenoro pynoHa HMeer TaKyio npo6neMy, 
hto Tpe6yeTc« yBenMHMTb BenMMMHy o6pa6oTKM, 
Hanpuwep BononeHMn, Ann yMeHbiueHMn 
nnou^aAM nonepenHoro ceneHMn, HTo6bi 
ynyMLUMTb CBepxnposoAMMOCTb, HanpuMep, 

KpMTMHeCKyJO n/lOTHOCTb TOKa (Jc), B TO BDeMH 

KaK yBennHeHne sennHHHbi o6pa6oTKM mowst 
npuBedn k yBennneHMK) BeponTHOCTM 
noBpexAeHHR hum paapbiBa npoBonoKn. 

TexHMMecKofl 3aAanefl HacTontnero 
nsoepeTeHUfl nBnneTcn co3flaHne npoBonoKM 
Ann Nb 3X CBepxnpOBOAnmero npoBOAa m 
cnoco6a ero nonyneHMn, MMetou^ero BbicoKyK) 
KpMTMMeCKyK) nnOTHOCTb TOKa (Jc) m t.a. no 

CpaBHSHHK) C U3BeCTHOft npOBOJlOKO^ M 

cnoco6oM ee nonyneHMn. 

PeujeHne BbiiueynoMnHyTOM' TexHMHecKofi 

3aAaHM B COOTB6TCTBMM C HaCTOflLi^MM 

n3o6peTeHM6M ooecnenMBaeTcn co3AaHneM 
npoBonoKM Ann Nb 3X CBepxnpoBOAnLnero 
npoBOAa, coAepwamefl CTa6nnn3MpyK)myK5 
MaTpui^y c BHeApeHHbiMM b Hee 
CBepxnpoBOAflLMUMki n poson oh h bi m m wnnaMU, 
Ka>KAa^ M3 KOTopbix BbinoriHeHa M3 MeAHoro 
npyTKa, cnoMCTofl nacTM , ccpopMMpoBaHHOH* H3 

AByX /lUCTOB, nepBblfl M3 KOTOpblX BWnOJlHeH M3 

MUCToro hmo6mh hjim ero cnnaBa, n BTOpofl - M3 
MeTanna hjih cnnaBa, aTOMbi KOTopbix BCTynajoT 
bo B3ai4MOAeticTBkie c HMo6MeM c o6pa30BaHueM 
CBepxnpoBOAflLi^ero coeflMHeHnw, npn 3tom 
Me>KAy MeAHbiM npyTKOM m cnoMCTofi HaCTbK) n 
noBepx Hee pacnonoweHbi cnon, 

CCpOpMMpOBaHHbie yKa3aHHblM flHCTOM Hno6nn 

mjim ero cnnaBa, m conpMKacaiomMecn 
noBepxHocTM AByx jiuctob h HMo6neBoro nucTa 
h MeAHoro npyTKa BbinonHeHbi 

3nr3aroo6pa3HbiMM Ann yaenHHeHkm nnomaAM 
KOHTaKTa MeJKfly hmmm. 

Atomw MeTanna X npeAnoHTMTenbHO 
nonynajoT M3 MeTanna, Bbi6paHHoro 1/13 rpynnbi, 
cocTonmeB \A3 Al, Sn n Ge. C Apyrofl CTopoHbi, 

Nb, KOTOpblH* COAep)KMTCfl b nepBOM JIMCTe, 

npeAnoHTMTenbHO MMeeT HMCTOTy, no MeHbiuefi 
Mepe. 99,0%. 

B cooTBeTCTBHH c ApyrMM acneKTOM 
Hacronmero M3o6peTeHMn ooecnenMBaeTcn 
cnoco6 nonyneHMn npoBonoKM Ann Nb 3X 
CBepxnpoBOAniMero npoBOAa, npn kotopom 
coBMeu^a^oT nucT M3 MMCToro hmo6ma mjim 
cnnaBa Hno6nn co BTopbiM nucTOM M3 MeTanna 
vinn cnnaBa, aTOMbi KOTopbix BCTyna»oT bo 
BsaviMOAeftCTBue c Huo^neM c o6pasoBaHneM 
CBepxnpoBOAnLMero coeAMHeHUfl, nonyneHHyio 
3aroTOBKy HawaTbiaajOT Ha MeAHbiW npyTOK, 
nocne Hero npon3BOAflT o6pa6oTKy nposonoKM 
Ann yMeHbiueHMfl nnoii^aAM ee nonepeHHoro 
ceneHun, npuneM ao coBMemeHun nncTOB. /Imct 
M3 Hno6nfl nnn ero cnnaBa TepMoo6pa6aTbiBa>OT 
npn TeMnepaType m b TeneHMe BpeMeHM, 
AocTaTOMHbix Ann nepecTpoeHun 
KpucTannnHecKOM cTpyKTypw v\ 

pa3ynopflAOMHBaHMfl opweHTaL^nn KpucTannoB 
Hno6nn, a npn coBMeuneHHn AByx nucTOB 
KOHi^eBbie yMacTKM nucTa M3 hho6h« nnn cnnaBa 
Hno6nq ocTaa/ifltOT cso6oAHbiMM ot BToporo 
nucTa Ann nonyMeHun cnoeB 6apbepa 

AMO>0y3MH. 

3Tan TepMMMecKoW o6pa6oTKM nepBoro 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



nucTa npeAnoMTMTenbHo BbinonHneTcn b 
TeMnepaTypHOM Anana30He m b TeweHne 
BpeMeHM, KOTOpbie AocraTOHHbi Ann 
nepecTpoeHMn KpucTannMHecKofl CTpyiaypbi 
nepBoro nucTa n paaynopnAOHkiBaHkin 
opueHTaiinfl KpucTannoB. KpoMe Toro, 3Tan 
TepMMMecKOfi o6pa6oTKM nepBoro nucTa 
npeAnoHTHTenbHO BbinoriHnfOT b 
TeMnepaTypHOM A^ana30He 700 - 1100°C b 
TeneHMe 1 - 10 h. 

06pa6oTKa, HanpaaneHHan Ha yMeHbtueHMe 
nnou^aAH nonepeMHoro ceMeHun npoBonoKM m 
T.n., BbtnonHneTcn, HanpuMep, BonoMeHneM, 
npoTn>KKo« npoBonoKM, kobkoA, npoKaTKoA n T.n. 

B npoBonoKe Ann Nb3X cBepxnpoaoAniMero 

npOBOAa B COOTB8TCTBMH c HacToni^MM 
M3o6peTeHneM KOHenHan noaepXHOCTb pasAena 
Me>KAy nepBbiM n BTopbiM nucTaMn nB/ineTcn 
c^nbHo 3Mr3aroo6pa3Hofl Ann yBenkmeHun 
nnou^aAn KOHTairra Me>KAy nepBbiM m btopnm 
nucTaMM, KOTopbie coBMemaK>Tcn m 
cBepTbiBatoTcn . 

KaK npasnno, BbicoKOKanecTBeHHoe 
coeAMHeHne Nb3X, coAepxati^ee Nb m X b 
cooTHOLueHUH 3:1, o6pa3yeTcn b oKpecTHOCTM 
noBepxHOCTkt pasAena nepBoro m BToporo 
nucTOB c noMombK) A^4 ) 4 ) y 3MOHHOro 
B3anMOAeflcTBnn (TepMHnecKoR oCpaGoTKM). B 

COOTBeTCTBMM C HaCTOnLl^HM H306p6TeHHeM, 

KonnnecTBo o6pa30BaH^n BbicoKOKaqecTBeHHoro 
coeAMHeHun Nb3X npH TepMUMecKoC^ o6pa6oTKe 
yBennHneaeTcn, nocKonbicy yBeriMMUBaeTcn 
nnoiMaAb KOHTaiaa Me>KAy nepBWM n BTopbiM 
nucTaMM. 

B nposonoKe Ann CBepxnpoBOAniMero 
npoBOAa b coot BeTCT bum c HacronLijMM 
H3o6peTeHneM noBepxHOCTb pa3Aena Me>KAy 
nepBbiM n BTopbtM nucTaMM o6pa3yeT nnoTHbie 
3nr3arn, nocpeACTBOM Mero yBennnnBaeTcn 
BbiujeynoMnHyTan MacTb, viMeiou^an xopoTKyK) 
AMCpcpy3MOHHyK) AnnHy. CneAOBaTenbHO, 
AMO>ci)y3noHHan cnocoOHOCTb aTOMOB MeTanna 
X m aTOMOB Nb, nocpeACTBOM nero 
yeennHMBaeTcn KonnnecTBO Nb 3X, KOTopoe 
o6pa3yeTcn c noMombK) TepMHnecKOfl 
o6pa6oTKM b eAKHni^y BpeMeHu, no cpaBHeHHto c 
npeAUjecTByfo^HM ypoBHeM toxhukh. TaKviM 

06pa30M, CTaHOBMTCn B03MOXCHblM nonyMMTb 

Nb 3X cBepxnpoBOAnu^MW npOBOA, MMeiou^M^ 
6onee BbicoKyK) KpnTunecKyio nnoTHOCTb Toxa 
(Jc) no cpaBHeHHK) c KpMTMHecKO^ nnoTHOCTbK) 
TOKa, nonynaeMOM Ha npeAbiAyLMeM ypoBHe 

T6XHHKM. 

KpOMe Toro, b npoBonoKe Ann Nb 3X 
CBepxnpoBOAniMero npoBOAa b cooTBeTCTBMM c 
HacTonu^MM M3o6peTeHneM nnou^aAb KOHTajaa 

Me?KAy nepBbiM H BTOpbIM nMCTaMM 

yBenuMMBaeTcn TaK, hto c noMOL4bio 
A^4)0y3HOHHoro BsanMOAe^cTBHn (TepMnnecKoi^ 
o6pa6oTKM) 3aAaHHoe KonnnecTBO Nb3X MoxceT 
6biTb o6pa30BaHO 3a 5onee kopotkm^ 
npoMejxyTOK BpeMeHM no cpaBHeHMto c 
npeAiuecTByioiUMM ypoBHeM tcxhmkm. CpeAHMft 
pa3Mep 3epHa cf)a3bi Nb3X, o6pa30BaHHOfl 3a 
TaKoe KopoTKoe BpeMn ynyniuaeTcn no 
cpaBHeHMK) c KpMCTannaMM, o6pa3yeMbiMM b 
TeneHne AnMTenbHoro nepMOAa BpeMeHM, 
nocpeACTBOM nero yBenMHMBaeTcn nMHMHr. 

TepMMH "nMHMHr" yKa3biBaeT Ha 
HenoABM>KHyio c^MKcaMMto MamMTHoro noTOKa. 
KorAa MMeeTcn tok m MamMTHoe none. 
HanpnxeHHOCTb MamMTHoro nonn, KOTopan 
o6ecneHMBaeTcn npoAyKTOM nnoTHOCTM TOKa m 
nnoTHocTM MamMTHoro noTOKa, npMKnaAbiBaeTcn 
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k MamnTHOMy noroKy. KorAa HanpnaceHHocTb 
MamnTHoro nonn npeBbiwaeT cuny nMHMHra, 
MarHMTHbiW noTOK HannHaeT nepeMeujaTbcn Ann 
reHepaqkiki HanpnweHMn. Tskmm oopaaoM, 
nnoTHOCTb TOKa b conepHMHaiomeM cocTonHMM 
CM/ibi nnHUHra n HanpnweHHOCTM MamMTHoro 
norm MoryT GbiTb Ha3BaHbi KpMTMHecKofl 
nnoTHocTbio TOKa b MarHHTHOM none. 
MamnTHbifl potok MoweT 6biTb 3axBaneH 
p,e<pQKTOM KpMcranriMHecKoW peweTKM nnn 
rpaHMLjefl 3epHa m BbicoKyio KpnTMMecKyK) 
nnoTHOCTb TOKa (Jc) nonynajoT, KorAa Nb3X 
cpuKcupyeTCfl b Bn^e MeriKnx 3epeH, nocKonbKy 
nnHMHr yBenvwuBaeTCfl. 

B nacTHOCTM, Nb3X CBepxnpoBOAfliMan 
nposonoKa b cootbstctbhh c HacTonuiMM 
n3o6peTeHkieM, KaK onucaHo Bbiiue, MOweT 
o6pasoBbiBaTb sepHa coeAMHeHMB Nb 3X, 
MMeiomne MeHbLUMfl cpeAHUM pa3Mep 3epHa no 
cpaBHOHHK) co cpeAHMM pa3\iepOM sepHa 
npeAbiAyLMero ypoBHn toxhmkm. 
CneAOBaTenbHO, nviHMHr yBenMHMBaeTcn m 
Nb 3X CBepxnpoBOAflinafl npoBonoKa, 
oonaAaioinan npn3HaKaMn M3o6peTeHMn, 
ooriaAaeT BbicoKoB KpMTMnecKOM nnoTHocTbio 
TOKa (Jc). 

Kpoiwe Toro, b NbsX CBepxnpOBOAflineB 
npOBonoKe HacTonmero M3o6peTeHMn 
noBepxHOCTb pa3Aena MewAy nepBbiM m BTOpbiM 
nucTaMH nsnneTcn 3Mr3aroo6pa3Hofl. flpyrnMH 
cnoBaMM, KaK nepBbitf, TaK m BTopofl nucT 
nacTHMHO yMeHbiuawTCfl no TonmMHe. TaKi/iM 
o6pasoM, b oT/iMHue ot npeAwecTByioinero 

ypOBHfl T8XHHKM H6T HeCOXOAMMOCTM yMeHbiuaTb 

o6my»o Tonu^HHy nepBoro m BToporo nucTOB 
nyTewi ysennMeHMfl aennHUHbi o6pa6oTKM Ann 
y MeHbLueHUR nnomaAM nonepeMHoro cqmshmw , 
nocpeACTBOM nero cn/ibHO yMeHbtuaeTcn 
noape>KAeHMe n pa3pbis npoBonoKM. 

Kpoiwe Toro, b cootbstctbhh c HaoroniUMM 
M3o6peTeHneM noBepxHocTM pa3Aena Mewy 
nepBbiM m BTopbiM nkicTaiwn npnAaioT 
3nr3aroo6pa3HOCTb 6naroAapn McnonbsoBaHkito 
TepwiMMecKoW o6pa6oTKM nepBoro JiMora. B 
nacTHocTn, b nepBOM nucTe 6naroAapn 
TepMMHecKofl o6pa6oTKe nepBoro nMCTa 
nepeorpaMBaeTcn KpMCTan/iMHecKan CTpyicrypa, 
TaK hto opueHTai^nM KpucTannoa 
pasynopnAO^HBaiOTCfl. TepMoo6pa6oTaHHbifl 
nepBbifl nucT coBMemaeTCH co BTopbiM jiuctom, 
CBepTbiBaeTcn b py/iOH n noABepraeTcn 
oGpaooTKe Ann yMeHbiueHMn nnomaAM 
nonepenHoro ceneHMn, nocpeACTBOM Hero 
HanpaaneHMe noBepxHocTn CKonbaceHMn 
nepBoro nucTa pa3ynopnAOHMBaeTcn b 
npouecce o6pa6oTKM, o6pa3yn 3nr3aroo6pa3HyK) 
noaepXHOCTb pasAena Me>KAy nepBNM m btopwm 
nucTaMM. 

Ha <pw. 1 npMBeAewo nepcneKTMBHoe 
M3o6psuKeHne, Ha kotopom cxeMaTMHecKM 
noKa3aH nepBbifl 3Tan nonyneHns nposonoKM 
Ann Nb 3X CBepxnpoBOAnmefl npoBonoKM a 
cooTBeTCTBMM c npMMepoM HacTonmero 
H3o6peTeHnq; Ha 0nr. 2 M3o6pa>KeHO 
nonepeHHoe ceneHne, Ha kotopom 
cxeMaTMnecKH noKa3aHa npoBonoKa, 
nonyneHHan Ha aTane, npeACTaaneHHOM Ha 
pucyHKe 1 ; Ha cfeHr. 3 - nepcneKTMBHoe 
H3o6paxeHMe, Ha kotopom cxeMaTunecKn 
noKa3aH btopom 3Tan nonyHeHun npoBonoKM Ann 
ND3X CBepxnpoBOAnu;e^ npoBonoKn b 
cooTBeTCTBMM c npMMepoM HacTonu^ero 
M3o6peTeHnn; Ha (£nr. 4 - nepcneKTMBHoe 
n3o6pa>KeHMe, Ha kotopom cxeMaTMMecKM 
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noKa3aH Tpe™fl 3Tan nonyneHun npoBonoKM Ann 
Nb3X CBepxnpoBOAniMe^ npoBonoKM b 
cooTBeTCTBun c npMMepoM HacTonu^ero 
M3o6peTeHnn; Ha 4>vir. 5 • nepcneKTMBHoe 
M3o6pa>KeHMe, Ha kotopom cx e m a t mm ec km 
noKaaan neTBepTbi^ 3Tan nonyneHMn npoBonoKM 
Ann Nb 3X CBepxnpoBOAni^efl nposonoKM b 
cooTBeTCTBMM c npMMepoM HacTonunero 
M3o6peTeHMH; Ha cpMr. 6 - cxewaTMHecxoe 
nonepeHHoe ceneHMe nposonoKM Ann Nb 3X 
cBepxnpoBOAninero MHoro>KnnbHoro npOBOAa b 
cooTBeTCTBMM c npMMepoM HacTonu^ero 
M3o6peTeHnn; Ha 0Mr. 7 - yaeriMHeHHoe 
cxeMaTMMecKoe nonepeHHoe ceneHMe, 
MJin»ocTpMpyK)u^ee npoBonoKy, noxasaHHyjo Ha 
4>Mr. 6; Ha c£mf". 8 - cxewiaTMHecKoe nonepeHHoe 
ceneHMe nposonoKM Ann Nb3X MHoro>KMnbHoro 
CBepxnpOBOAnu4ero npoBOAa b cooTBeTCTBMM co 
cpaBHMTenbHbiM npMMepoM; Ha cpMr. 9 - 
yBenMHeHHoe cxeiwaTMHecKoe nonepeHHoe 
ceneHMe, MnnjocTpMpytomee npoBonoKy, 
noKa3aHHyio Ha cpMr. 8; Ha c|)Mr. 10 - 
cxeMaTMHecKoe nonepeHHoe ceneHMe 
npoBonoKM Ann Nb 3X cBepxnpoBOAninero 

M HOrOJKMn bHOfO npOBOAa B COOTBeTCTBMM c 

ApyrMM o6biHHbJM npMwepoM, Ha cfcMr. 11 - 
yBenMHeHHoe cxeiwaTMHecKoe nonepeHHoe 
ceneHMe, M/iniocTpMpyjou^ee npoBonoKy, 
noKa3aHHyK) Ha cjwr. 10; Ha tyw. 12 - 
AMarpaMMa cocTonHM^ 6MHapHoro cnnaBa Nb-AI; 
Ha 0Mr. 13 - npMHUMnManbHan TexHonorMnecKan 
cxewa npoi^ecca oGbiHHoro cnoco6a nonyneHMn 
Ann Nb3X CBepxnpoBOAni^ero m h oro>KM ji b h o ro 

npOBOAa B COOTBeTCTBMM co cnocoooM 
MflrKOTenoro pynoHa. 
npMMep 1 . 

«t>Mr. 1 - 7 - npMHi^MnManbHbte cxeMbi, 
Mn/itocTpMpyioi^Me cnoco6 nonyneHMn Nb 3AI 
cBepxnpoaoAnu^ero mho tokm/i bHoro npoBOAa b 
COOTBeTCTBMM C HaCTOniJ^MM M3o6peTeHMeM. 

M3 0Mr. 1 cneAyeT, hto CHanana c noMou^bW 
nnaBneHMn m npoKaTKM nonynaioT HMo6MeBbifl 
nMCT 1, cocToniUM^ M3 HMo6MeBoW Q^onbrn 

TOnii^MHO« 0,18 MM, UJMpMHOft 300 MM M AnMHOfl 
800 MM. 3TOT HM06neBbl^ flMCT 1 BblAepJKMBatOT 

npM TeMnepaType b AManasoHe 700 - 900°C b 
TeneHMe 2 h, m nocne 3Toro b npot^ecce 
TepMMHecKof^ o6pa6oTKM (TaK HasbieaeMoro 
OTKMra) oxna>KAaK)T ao komh3tho« 
TOMnepaTypw. 

3aTeM anioMMHMeBbtW nMCT 2, cocTonmMM" M3 
a/iiOMMHMeBo^ 4)onbrM tojiu^mhoW 0,05 mm, 

UJMpMHOtf 300 MM M AnMHOI* 500 MM, COBMeLLjaiOT 

c noBepxHOCTbio TepMMHecxM o6pa6oTaHHoro 
HMo6MeBoro nMCTa 1. B 3to BpeMn o6e 
KoHueBbie nacTM 1a m 1b HMo6Meaoro nMCTa 1 He 
HaKnaAWBaioTcn na aniOMMHMeBbifi nMCT 2. 

3aTeM nMCTbi 1 m 2 obepTbiBaioT BOKpyr 
MeAHoro npyTKa 3 AMaMeTpoM 3 mm m AnMHofl 
400 mm c KOHL^a nacTM 1a h m 06 n e bo ro nMCTa 1. 
B nacTHocTM, Ann npMroToaneHMq npoBonoKM 
(TaK Ha3biBaeMofl nacTM MflrKOTenoro pynoHa) 4 
KOHi^eBan nacTb 1a HMoGMeBoro nMCTa 1 
CHana/ia o6opanMBaeTcn BOKpyr MeAHoro npyTKa 
3 Ha neTbipe ocopoTa, 3areM nocne 3Toro 
HaKpyHMBafOT coBMemeHHbie nacTM HMo6Mesoro 
nMCTa 1 m aniOMMHMeBoro riMCTa 2 m HaKOHei^ 
Apyryio KOHi^eByio nacTb 1b. nocne 3Toro c 
o6eMx KOHL^eBbix Hacrefl MeAHoro npyTKa 3, b 
o6meM 100 mm, yAannwT nMUJHee. 

0Mr. 2 - cxeMaTMHecKoe nonepeHHoe 
ceneHMe nonyneHHofl nposonoKM 4. 

M3 cjwr. 2 cneAyeT, hto 3Ta npoBO/iOKa 4 
coctomt M3 nepBoro cnofl 6apbepa An^4)y3MM 5, 
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KOTOpbifl cc{)opMMpOBaH BOKpyr pacnono>KeHHoro 
b L^eHTpe MeAHoro npyTKa 3, cnoMCTOfl Mac™ 6, 
KOTopan cqbopMMposaHa BOKpyr nepBoro cnon 
6apbepa AH0cpy3nn 5, m BToporo cnon 6apbepa 

AMCjX})y3MM 7, KOTOpblCl CQbopMMDOBaH BOKpyr 

cnoMcrofl nacTM 6. flepBbiB cnofl oapbepa 
AHCfxpyanH 5 o(5pa3yeTcn KOHLjeBofl nacTbto 1a 
HMo6nesoro rtucTa 1, KOTopbifl HMeeT neTbipe 
o6opOTa BOKpyr npyTKa. C Apyrofl CTopoHbJ, B 
cjiomctom Mac™ 6 ooepHyrbie cnoM, 
o6pa30BaHHbie HMo6neabiM nucTOM 1 m 
anK>MMHneBbiM nucTOM 2 nonepeMeHHO 
MepeAyK)Tc^ b COBM6U46HHOM nonojKeHnn. 

KpOMG TOrO, BTOpOfl Cnofl AH(J>4)y3MOHHOrO 

6apbepa 7 o6pasoBaH KOHi^eBofl nacTbio 1b 
HuoGneBoro nucTa 1, KOTopwfl o6epHyT Ha 

MHO)KeCTBO 06OPOTOB. 

H3 4)nr. 3 cneAyeT, hto 3Ta nposonoKa 4 
6bi/ia BCTaaneHa b MeAHyto Tpy6Ky 8, MMeioiAyio 
BHeujHn^ A^aMeTp 19 mm m BHyipeHHuR 
AMaMGTp 16 mm, m 3aTGM npOTnHyTa Ann 
nonyneHMn reKcaroHanbHoro oTpe3Ka 9. 

Our. 4 - nepcneKTHBHoe M3o6pa>KeHMe, Ha 
kotodom noKa3aH nonyneHHbifl reKcaroHanbHbifl 

OTpe30K 9. 

H3 cfcMr. 4 cneAyeT, hto reKcaroHanbHbifi 
OTpesoK 9 HMeeT reKcaroHanbHoe nonepeHHoe 
ceneHMe c paccTonHMeM Me>KAy nnocKMMM 

CTOpOHaMH paBHbIM 2 MM M QTWAHOft 200 MM. 

Ha cfcur. 5 noKa3aHO, hto npn6nvi3viTenbHo 
800 TaKMx reKcaroHa/ibHbix OTpe3KOB 9 
sarpywanM b MeAHyto Tpy6Ky 10 c BHeujHMM 
AnaMeTpoM 70 mm h BHyTpeHHkiM A^aMeTpoM 68 
mm m nocne ototo o6a KOHija 10a n 10b moahoB 

Tpy6KH 10 6blflM 3aKpbJTbl MeAHblMVI KpblUJKaMM 

(He noKa3aHo) m repMeTM3npoBaHbi 
oneKTpoH HO-nyneBoK cBapKofl Ann nonyneHMn 
3aroTOBKM (ho noKasaHo). 3aTeM 3Ty saroTOBKy 
3KCTpyAMposann h HeoAHOKpaTHO npoTRrnBann 
Ann nonyneHMn npoBonoKM 11 A^aMeTpoM 1 mm. 

Ha Qbvir. 6 npMBeAeno cxeMaTunecKoe 
nonepeHHoe ceneHMe nonyneHHOM npoeonoKM 
11. 

M3 4)nr. 6 cneAyeT, hto 3Ta npOBonoKa 
o6pa30Bana moahoW MaTpMuefl 

(cTa6nnM3npyioinMW MaTepvian) 12 m pnAOM 
BHeApeHHbix b Hee npoeonoK 13, cocTontHMx M3 
Nb, Al m Cu. 

03nr. 7 - cxeMa MOAenn MMKpocpOTorpacpMM 
yBennHeHM& 40 m\A 80, Ha KOTopofl noKa3aHo 
nonepeHHoe ceneHMe xa>KAofl npoBonoKM 13. 

M3 cjwr. 7 cneAyeT, hto npoBonoKa 13 
coctomt H3 nepBoro cnon 6apbepa AM(£cJ>y3MM 
15, coAepwamero hmo6mm\ KOTopbifl oSpasosaH 
Ana OKpy)KeHMfl BHetUHevi noBepxHOCTM, 
pacnono>KeHHO^ b ueHTpe, MeAHOfl MaTpMU,bi 
(cTa6n/iM3npyK)u^nft MaTepMan) 14, cnoMCTOfl 
nacTM 18, KOTopan o6pa30BaHa Ann OKpyaceHMn 
nepBoro cnon oapbepa py\<&<py3MM 15, h BToporo 
cxiofl 6apbepa An4>4)y3nn 19, coAep^Kainero 
HH06nfi, KOTOpblW o6pa30BaH Ann OKpy)KeHnq 
cnoMCToW nacTH 18. Kdomo Toro, APyraa MeAnan 
MaTpML^a (cTa6nJiM3MpyK3i^kiR MaTepMan) 20 
o6pa3oaaHa BOKpyr npoBo/ioKH 13 Ann 
oKpy>KeHMfl BHeiUHe^ noBepxHOCTM BToporo cnon 
6apbepa A^4>0y3 MM 1 9. 

B STofi npoBonoKe 13 HepeAyK)ii^nec«, 
coAep>KaiHMe hho6"hA enow 16 m coAep>KaLnne 
an>OMkiHi/iH cnon 17 b bhas cnnpann 

CC|30pMMpOBaHbl B CflOHCTO^ H3CTM 18. 

noBepXHOCTH pa3Aena Me>KAy coa© p>Ka lum m m 
hho6h^ cnofiMn 1 6 h co as p >Ka l^hmh ariKDMkiHVi^ 
cnoflMM 1 7 npHAaHa oonbLuafl 
3nr3aroo6pa3HOCTb Ann yBenMHennfl nnoiMaAn 
KOHTaiaa Me>KAy coAe p>Ka u^m m m hmo6hB cnonMn 
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16 h coAepwami/iMi/i ariioMMHuW cnonMH 17. 
KpoMe Toro. o6e noBepxHOCTM pa3Aena mokay 
nepBbiM cnoeM 6apbepa a^^h^Y 3 ^^ 15 * 
MeAHofl MaTpHL^eC^ 14 m Me?KAy btopnm cnoeM 
6apbepa A^04)y3Mn 19 m Me ah oft MaTpMi^eft 20 
TaioKe nBnnK)Tcn 3nraaroo6pa3HbiMH. 
npMMep 2. 

npoBonoKa 1 1 AnaMeTpoM 1 mm, 
nonyneHHan b npHMepe 1, 6bina AononHHTexibHo 
npoT^HyTa Ann nonyneHHfl nposonoKH 
AnaMeTpoM 0,6 MM. 

nonyneHHan npoBonoKa MMena cTpyioypy, 
noAo6Hyio CTpyKType npoBonoKM npMMepa 1, 
noKa3aHHoft Ha pwcyHKe 7. OAHaKO, 
coAepMau^Me HMo6nft cnon 16 m coAep?KainMe 
antoMHHMft cnoM 17 hmotih b o6ineM MeHbiuyjo 

TOHUHMHy, H6M y npOBOnOKH B COOTBeTCTBMM c 

npuMepoM 1 , nocKonbKy Be/iMHMHa npoTRXKa 
6bina 6onbaie. neM a npMMepe 1. 

CpaBHMTenbHbift npviMep 1. 

C 14 en bio cpaBHenkin npoBonoKa 21 
AMaMeTpoM 1 mm 6bina nonyneHa M3 
coAep>KaLuero hmo6hW nucTa, KOTopwft He 
noABeprann TepMHHecKoft o6pa6oTKe. flpyrvie 
ycnoBMR 6binn a6conK)THo noAO^Hbi ycnoBHAM b 
npMMepe 1 h nosTOMy HeT Heo6xoAHMocTM b 
kianuiUHeM onucaHnn. 

0>nr. 8 - cxeMaTMHecKoe nonepeHHoe 
ceneHMe nonyneHHofl npoBonoKM 21. 

M3 (pwr. 8 cneAyeT, hto 3Ta npoBonoKa 21 
oepasoBaHa MeAHofl MaTpm^eft 

(cTa6nnn3wpyK)L4Mft MaTepnan> 22 m praom 
BHeApeHHbix b nee npoBonoK 23, coctoalumx H3 
Nb, Al m Cu. 

Our. 9 - cxeMa MOAenn MHKpocpoTorpa4)HM 
yBennneHM« 40 imn 80 nonepeHHoro ceneHHn 
KawAoR npOBonoKH 23. 

M3 0nr. 9 cneAyeT, hto npoBonoKa 23 
cocTonna M3 nepsoro, coAep^aiAero Hno6nft, 
cnon 6a p be pa A^4)Q>y3Hn 25, KOTOpbift 
o6pasoBaH Ann oKpy>KeHnn BHeujHeft 
noeepxHOCTH, pacnonoweHHOtf b i^eHTpe, 
MBAHOft MaTpkii^bJ (cTa6unti3kipyioii4ti& 
MaTepwan) 24, cnoMCToft nacTM 28, KOTopan 
o6pa30BaHa Ann OKpy>KeHnn nepBoro cnon 
6apbepa pyicpcpysvuA 25, m BToporo, 
coAep>Kamero anioMMHMft, cnon oapbepa 
Anc>q*)y3nn, KOTOpuft o6pa3QBaH Ann oKpy>KeHnn 
cnoMCTOft nacTH 28. KpoMe Toro, Apyran MeAHan 
MaTpviua (cTa6nnn3npyiou4Mft MaTepwan) 30 
cc{)opMMpoBaHa BOKpyr npoBonoKM 23 Ann 
oxpy>KeHkin BHeaiHeft noBepxHOCTM BToporo cnon 
6apbepa py«b<$>y3MM 29. 

B 3Tofl npoBonoKe 23 HepeAy»oiMMecn 
coAepwaiuMe hmo6mW cnon 26 n coAep>Kamne 
aniOMkiHMft cnon 27 cnnpanbHO cqtopMnpoBaHbJ 
b cnoMCToft nacTM 28. noBepxHocTb pa3Aena 
Me>KAy coAep)KaiAMMM HnoGMft cnonMM 26 n 
co Ae p >k a ll^ m m h anJOMMHHft cnonMM 27 6bina 

paBHOM. 

CpaBHMTenbHbiM npMMep 2. 

flonyneHHan b cpaBHMTenbHOM npMMepe 1 
npoBonoKa 21 ambmbtpom 1 mm 6bina 
AononHMTenbHO npornHyTa Ann nonyneHMn 
npoBonoKM AMaMeTpoM 0,6 mm. 

nonyneHHan npoBonoKa MMena cTpytcrypy 
nonepennoro ceneHMn noAoGHyK) CTpyKType 

npOBOnOKM B COOTBeTCTBMM CO CpaBHMTenbHbJM 

npMMepoM 1, noKasaHHoft Ha 4>Mr. 9. Oah3ko 
coflep>KaLL^ne hmo6m^ cnoM 26 m coAep>Kau^Me 
anwMMHMft cnoM 27 MMenM b o6iMeM MeHbiuyio 
TonwuHy, neM y npoBonoKM cpaBHMTenbHoro 
npMMepa 1 , nocKonbKy BenMHMHa npoTnxocM 
6bina 6onbiueft, neM b cpaBHMTenbHOM npMMepe 
1. 
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CpaBHUTenbHbi^ npMMep 3. 

npoBOJiOKa 31 AnaMeTpoiw 1 mm 6bina 
nojiyneHa c noMou^bio ncnonb3oaaHwn bmscto 
coAepxamero hhoomH nnora jimct, coAepwaLHt/ifl 
hmo6hA h 1% Zr. flpyrwe ycnoBiin 6bJ/in 
a6co/iK)THo noflo6Hbi ycnoBn^M cpaBHMTenbHoro 
npuMepa 1 w nooTOMy hgt Heo6xoAMMOc™ b 
H3JlMUJHeM oriMcaHnn. 

<t>nr. 10 - cxeMaTHMecKoe nonepenHoe 
ceneHne nonyMeHHofi npoBonoKM 31. 

Ha cfjur. 10 cneayer, mto 3Ta npoBonoKa 31 
o6pa30BaHa MaTpnne« (cTa6nnn3MpyK>inna 
MaTepnan) 32 msam m p^aom BHeApeHHbix b Hee 
npoBonoK 33, cocToniMUX H3 Nb-1% Zr, Al m Cu. 

Our. 11 - cxewia MOAenn MHKpocf)OTorpa0nn 
yBe/iMMeHU^ 40 mjih 80 nonepeHHoro ceseHMn 
Ka>KAo» npoBoriOKM 33. 

H3 0ur. 11 cneAyeT, hto npoBonoKa 33 
coctoht M3 nepBoro, coAepwamero Hno6nfl, 
cnon 6apbepa AHCf)ct>y3i<iM 35, KOTOpbifl 
o6pa3oaaH Ann OKpyweHHn BHeuuHefi 
noBepxHOCTM, pacnonoweHHofi b i^eHTpe, 
MeAHO^ MaTpMi^w (cTa6nnn3npyK)iMM« 
MaTepwan) 34, cnoucTofl nacTM 38, KOTopan 
o6pa30BaHa Ann OKpyweHun nepBoro cnon 
oapbepa An0o>y3uu 35, m BToporo, 
coAepwamero anioMUHHfl, cnon 6apbepa 
Aucjx£y3nu, KOTopbifl o6pa30BaH Ann OKpyweHkm 
cnoMCTOfl nacTH 38. KpoMe Toro, Apyran MeAHan 
MaTpi/ma (CTa6njiM3npyK3i^vi« Maiepnan) 40 
ccpopMMpoBaHa BOKpyr npoBonoKH 33 Ann 
oKpy)KeHHfl BHeiuHetf noBepxHOCTM BToporo cnon 
6a p be pa A^4>*y3MM 39. 

B stoA npoBonoK© 33 HepeAyK)innecn, 
coAepxamne Hno6nfl, cnon 36 n coAepwamtie 
aniOMiiHwfl cnon 37 cnnpanbHo cc£opMHpOBaHbi 
b cnokiCTOM nacTn 38. Cnoncran nacTb 38 nMeeT 
Taioxe paBHbie oMepiaHna no cpaBHeHnio co 
cnoncTofi" MacTbio, nonyMeHHOtf b 
cpaBHUTesibHOM npuMepe 1. 

CpaBHMTeribHbi^ npMMep 4. 

Ann nonyneHnn nposonoKn AnaMeTpoM 0,6 
mm npoBonoKa 31 A^aMeTpoM 1 mm, nonyneHHafl 
b cpasHMTe/ibHOM npMMepe 3, 6bina 
AononHMTe/ibHo npomHyTa. 

nonyneHHan npoBonoKa MMena b 
nonepeMHOM ceneHMM dpyiaypy noAo6Hyio 
CTpyirrype nposonoKn cpaBHUTe/ibHoro npMMepa 
3, noK33aHHo^ Ha (£nr 1 1 . OAnaKo coAepaoinne 
hi/ioomA cnon 36 n coAep>«amne aniOMKHnfl cnon 
37 MMenn b o6meM MeHbiuyjo TonmnHy, neM y 
nposonoKM cpaBHUTe/ibHoro npnMepa 3, 
nocKoribKy Bennm/iHa nporn>KKn 6bjna 6onbiue, 
neM b cpaBHMTexibHOM npkiMepe 3. 

1/lcnbiTaHne Ha CBepxnpoBOAMMocTb. 

LUecTb Ti/inoB npoBonoK, nonyneHHbix b 
npktMepax 1 n 2 n cpaBHHTe/ibHbix npuMepax 1 - 
4 Ann cBepxnpoBOAHiMMx npOBOAOB, 
noABeprann TepMnnecKofl o6pa6oTKe npn 
800 °C b TeneHne 5 nacoB, Ha KOTopbix 3aTeM 
n3Mepnnn KpnTMMecKne nnoTHOcrn TOKa (Jc) npn 
4,2 K n 12 T. B Ta6nnLje npMBeAeHU 
nonyneHHbie pe3ynbTaTu M3MepeHM^. 

KaK oneBMAHO n3 Ta6nML\bi, npoBoriOKM a 

COOTBeTCTBMH C npilMepaMM, KOTOpbie HM8K)T 

AnaMeTp, i/iAeHTMHHbifl A^aMeTpy npoBonoKH b 
cpaBHUTenbHbix npuMepax, AociwaioT 6onee 

BblCOKMX KpMTMMeCKMX nnOTHOCTefl TOKa (Jc), 

nocKonbKy noBepxHocmM pa3Aeria Me>KAy 
coAep>xaLAMMM hmo6m« cnon mm m coAepxamnMM 
ariKDMUHnCi cnoRMM 6bina npMAaHa cvinbHan 
3nr3aroo6pa3HocTb an* yBennHeHMfl KOHTataHbix 
nnomaAew Me>KAy 3TMMM cno^Mki. 

Ha cpaBHeHMR cpaBHMTenbHbix npuMepOB 
Apyr c APyroM cneAyet, hto 6onee Bbicoxafl 
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nnoTHocTb TOKa (Jc) 6una Aoc™myTa npn 
GonbiueC* BennnuHe npoTf?>KKM nepeA 
TepMnnecKoi^ o6pa6oTKo^. 

Atomw MeTanna X Ann B3anMOAeflCTBnn c 
Hno6neM n o6pa30BaHM« coeAnHeHun, 
o6naAaK)iuero cBepxnpOBOAHMOCTbio, mop/t 
6biTb nonyneHbi, HanpMMep, ns Sn nnn Ge 
BMecTO anK)MHHnn, ncnonb3yeMoro b 
npuBefleHHbix Bbiiue npuMepax. KpoMe Toro, 
cnnaB, coAepjKaLnnti hho6m«, n/nnn cnnaB, 
coAepKamufi aTOMbi MeTanna X, mojkbt, 
HanpnMep, AononHkiTenbHO coAep)KaTb Ge, Sn, 
Ti, Si, Hf, Ta, Zr, Mg, Be nnn t. n. 

3Tan TepMnnecKoW o6pa6oTKM nepBoro 
nvicTa nncToro Hno6nn nnn HHo6neBoro cnnaBa 
npeAnoMTHTenbHO BbjnonH«K)T b 
TeMnepaTypHOM Anana30He 700 - 1100°C b 
TeneHne 1 - 10 h. TeMnepaTypHwfl A^ana30H 
Hn>Ke 700 °C nanneTcn HeAOCTaTOHHbiM Ann 
nepecTpoeHnn 3epHncToC1 cTpyKTypbi m 
c|3opMnpoBaHMn nepsoro nkicTa, MMeiou^ero 
HeynopflAOHeHHbie opvieHTaL^nn sepeH. C APyrofl 
ctopohw, TepMnnecKan o6pa6oTKa, KOTopyto 
BwnonHHKJT b TeMneparypHOM AnanasoHe 700 - 
1100°C b TeneHne MeHee 1 h, nBnneTcn 
HeAOCTaTOHHof^ Ann nepecTpoeHnn 3epHncTofl 
CTpyKTypbi n o6pa30BaHnn nepBoro nncTa, 
MMeHDti4ero HeynopnAo^eHHbie opueHTai^nn 
sepeH, b to BpeMn KaK He peKOMeHAyeTcn 
npeBbimeHne 10 m, nocKonbKy 3epHa hho6mp 
CTaHOBnTcn 6onbiuoro pa3Mepa, hto AenaeT 
nepabiR nucT xpynwiM. 

KpoMe Toro, ycnoBnn TepMn^ecKO^ 
o6pa6oTKM (oT)Knra) Ann nepBoro nncTa 

M3MeHnK)TCn B 3aBMCHMOCTM OT TOMOreHHOCTH 

KOMno3M4nn 6onBaHKn HucToro HMo6nn nnn 
Hkio6kieBoro cnnaBa nepeA npOKaTKO^, 
coAep>KaHnn npuMecefl, rncTepe3nca o6pa6oTKH 
n t. n. KorAa ncnonb3yeTcn 
BbicoKOKanecTBeHHan 6onBaHKa, uMeioujan 
npeBocxoAHyio roMoreHHOCTb KOMno3vn^uin ki 
Manoe coAe pMS h m e npkiMece^, MO)KeT 6btTb 
ncnonb30BaH HH3KOT6MnepaTypHbiC^ or>Knr 
6onB3HKn, b to BpeMn KaK TepMMnecKan 
o6pa6oTKa, yBenMHMBaiou^an pasMepbi sepen, 
CKnoHHa yMeHbiuaTbc«. CneAQBaTenbHO, ecnn 
nepBbift nncT nonynaiOT H3 

BbicoKOKanecTBeHHoro MaTepwana, acpcpeKT 
HacTonu^ero n3o6peTeHnn MOMeT 6biTb b 
AOCTaTOMHoK CTeneHM AOCTnmyT nyTeM 
npoBeAeHkm TepMnnecKO^ o6pa6oTKM npw 700 - 
800°C b reneHne 2 h. KpoMe Toro, stot 3Tan 
TepMi/mecKofl o6pa6oTKM npeAnoMTnTenbHO 
npOBOAnT b BaxyyMe, cTeneHb KOTOporo 
cocTaBnneT npkt6nn3MTenbHO 10" 3 - 10' 7 TOpp. 
OopMyna M3o6peTeHHfl: 
1 . nposonoKa Ann Nb3X CBepxnpoBOAnmero 
npoBOAa, coAep>Kaunan CTa6nnw3npyK)myK) 
MaTpni^y c BHeAPeHHWMn b Hee 
CBepxnpOBOAniMviMM n posonon h bi m m KM/iaMn, 
Ka>KAan H3 KOTopbix BbinonHeHa H3 MeAHoro 
npyTKa, cnoncToft nacTM, c4>opMnpoBaHHoW n3 
AByx nncTOB, nepBbifl n3 KOTopbix BwnonHeH H3 
MacTnMHoro Hno6nn nnn ero cnnaBa, n BTopoH - 
H3 MeTanna nnn cnnasa, coAepxoii^Mx aTOMbi X, 
KOTOpbie BCTynatoT bo B3auMOAeflcTBVie c 
HuoGneM c o6pa30BaHkieM CBepxnpOBOAnujero 
coeAMHeHMn, OTnnnaioiMancn TeM, mto Mewy 
MeAHbiM npyTKOM n cnoncTo« MacTbio n noeepx 
Hee pacnono>KeHbi cnon, co>opMMpOBaHHbie 
yKasaHHbiM nncTOM Hno6nn nnn ero cnnaBa, m 
conpMKacaioLi^Mecn noBepxHOCTM AByx nncTOB n 
HHo6neBoro nncTKa n MeAHoro npyTKa 
BbinonHeHa 3nr3aroo6pa3HbiMn Ann yBennneHnH 
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nnomaAH KOHTaKra M&wy hmmh. 

2. (IpoBonoKa no n.1, oTnuHatou^aflCfl TeM, 
mto hho6mA, coAepwainHflcfl b nepBOM nucre, 
HMeeT no MeHbUJefl Mepe 99,0% mhctotu. 

3. npoBonoKa no n.1 nnvi 2, OTnuHarainaflca 
TeM, hto aTOMbi X, coAepwaiUHeca b MeTanne 
mjih cn/iaee, us KOToporo BbinonHeH BTopofl 
nwcT, Bbi6paHbi M3 rpynnbi, cocTOHmefi M3 Al, 
Sn, Ge. 

4. Cnoco6 nonyMeHMH npoBonoKH aha Nb3X 
CBepxnpoBOARiMero npoBOAa, npn kotopom 

COBMemaJOT nHCT M3 MUCTOrO Hklo6Hfl win 

cnnaBa huo6ha co btopwm jiuctom W3 MeTanna 
n/in cnnaBa, coAep>t<ainnx aTOMbi X, KOTopwe 
BCTynaiOT bo BoawMOAeflcTBkie c hmo6m6m c 
o6pa30BaHneM cBepxnpoBOAflmero coeAHHeHUH, 
nonyneHHyio 3aroTOBKy HaMaTbieaioT Ha MeAHbifi 



npyTOK, nocne Mero npon3BOA«T o6pa6oTKy 
npoBonoKM a^« yMeHbiueHwfl nnoLnaA^ ee 
nonepeMHoro ceMeHi/m, omwMaioiuMflcfl TeM, mto 
AO coBMeiMennfl jimctob ni/iCT H3 hmo6ha nnn ero 
cnnaBa TepMOo6pa6aTbiBaK)T npi/i TeMnepaType 

5 n b TeneHne BpeMeHn, AocTaTOMHWX Ann 
nepecTpoeHnfl KpHCTannnMecKOfl CTpyKrypw n 
pa3ynop«AOHMBaHHfl opneHTai^nn KpHcrannos 
Hno6nfl, a npn coBMe^eHnn AByx jimctob 
KOHueBwe y^acTKn nncTa M3 huo6mh mjih cnnaBa 

1Q hho6mji ocTaanfliOT CBOOOAHbiMki ot BToporo 
nncTa Ana nonyneHnw cnoeB Capbepa 

AMO>C|)y3Mkl. 

5. Cnoco© no n.4, OTnnnaioiMnflcR tsm, mto 
yKa3aHHyKJ TepMoo6pa6oTKy ocymecTBnaiOT b 
TeMnepaTypHOM Anana30He 700 - 1100°C b 
15 TeneHkie 1 - 10 m. 
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(lepBblM HMCT 
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(mm) 


KpnTimecKa« 
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